In our contemporary society, phatic technologies routinely establish, develop and maintain personal and emotional relationships across time and space. This phenomenon is reminiscent of Giddens' 1990 concept of abstract systems -made of symbolic tokens and expert systems -that disembed and re-embed public and professional life. In this paper, we develop social theory that aims to provide a better understanding of the prominent role of phatic technologies in society. We proceed in three stages: first, we critique and revise Giddens' vague concept of symbolic tokens and its implications for time/space distanciation by introducing novel concepts from measurement science. This focuses on forms of information that are relatively precise and communal. Secondly, building on our new formulation of abstract systems, we propose new sociological concepts, phatic systems and symbolic indicators, to enable social theory to explore and analyze the rise of phatic technologies. The concepts focus on the personal and emotional. Thirdly, reflecting on the fact that our digital society is held together by software, we introduce concepts from theoretical computer science to relate the abstract sociological idea of phatic systems and symbolic indicators to the concrete nature of digital data.
Introduction
Today, hardly any area of professional or private life has been overlooked by web-based technologies. At work, we rely on email, video conferencing, professional networking sites and information systems, which involve local and cloud based services. At home, we use retail services, gaming networks, social networking sites and 3D virtual communities. As citizens, we communicate with public bodies and government agencies through the web. As private individuals, we engage with professional web services from shops, banks, utilities, etc.
Further, we support our lives with all manner of apps and wearable technologies customised to our particular interests and needs (e.g., transport, entertainment and sport). Spatially aware mobile devices, such as smart phones and tablets, make the web constantly accessible. The processors embedded in our physical environment are being connected to form an internet of things (e.g., [1, 2] ). Software and the entities it manages are becoming increasingly autonomous and sentient [3, 4] . Processors attached to, or embedded, in our bodies for healthcare are initiating a new realm of software and internet connectivity [5] . The diversity, scale and depth of software services embedded in our daily lives are striking -we are delighted by our immediate and simple access to information, services and relationships of all kinds. Indeed, quite simply, we can acquire digital lives and live in a digital society.
Certainly, sociologists have been trying to respond to phenomena brought about by the development of the web. First, web-based technologies generated new contexts for the investigation of traditional sociological issues, such as inequality, political participation, gender and cultural diversity (e.g., [6, 7, 8] ). Later, these technologies created new phenomena requiring specialised sociological investigations into social networking, virtual communities, cybercrime, surveillance, open data and digital identity (e.g., [9] ). Recently, the existence and availability of vast amounts of data about individuals and groups, generated by daily life, have led to some scholarly recognition that 'life online' is becoming a coherent field of sociological enquiry in its own right, combining traditional and emerging methods (e.g., [10, 11, 12] ). The nature and scale of data concerning our professional and private lives have significant implications for sociological studies. For example, the challenges to empirical sociology have been debated in Savage and Burrows [13, 14] , and the web and its future sociology have been discussed in Halford et al. [15] . 2 
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Social theories provide us with a set of conceptual tools to think about social phenomena around us -providing meaning behind actions cf. [16] . General theories provide conceptual frameworks that concentrate on fundamental ideas and processes, shaping questions and unifying disparate social phenomena. Naturally, general theories of modern society are also challenged by the implications of the web -it is to be expected that either new concepts emerge to better manage and explain the sociological implications of the web, or existing sociological concepts are transformed. Social theorists have formulated various theories to explain modern social life, such as Berger et al. [17] , Giddens [18, 19] , Bauman [20] and Archer [21] . Most fundamental notions were in place by the end of the last century, and before the raise of the web. However, for many, even in some of the early works, technology was considered one of the hallmarks of modern society cf. [17] though it was rarely more than a high level notion. 1 Certainly, the social theories of the late twentieth century did not know of the social phenomena that constitute our digital lives. Two questions arise:
1. How do we understand conceptually the transformations of personal and social behaviour brought about by the rise of web-based technologies?
2. How do these transformations impact on our theoretical understanding of contemporary society and our speculations on its direction of travel?
Addressing the first question, to better understand the social and cultural dimension of webbased technologies, in Wang, Tucker and Rihll [22] Giddens' theory of modernity, as expounded in his Consequences of Modernity [18] , is nothing less than a grand social theory of modern society, one which tries to articulate its most significant characteristics. The theory covers broad aspects of social life; discusses the relationship between the individual and community, and emphasises the role of technology in shaping modernity. It is based upon 'solid' concepts that allow these theories to be used in social enquiry -such as in, e.g., [24, 23] -particularly in contrast to the 'fluid' nature of postmodern theories (e.g., [20] ).
For Giddens, modernity is 'double-edged' [18: 10] , which is expressed through the main themes of 'security versus danger' and 'trust versus risk' [18: 7] . These themes resonate with contemporary social concerns. For example, the widespread development and application of digital technology have provided opportunities for large-scale control through monitoring and surveillance. On the one hand, this could be perceived as fundamental in building a secure society; on the other hand, the growth of surveillance technologies (e.g., data mining) and hacking (e.g., malware) can also be said to violate personal privacy, erode social solidarity and threaten ontological security.
A key characteristic of modernity is the process of time-space distanciation, which involves the separation of place from space and their restructuring. The disembedding of a social system is the lifting out or abstraction of its social relations from some local contexts of interaction; and their re-embedding is their re-construction in a form that spans space and time without local restrictions [18: 21] . Disembedding and re-embedding are accomplished
by means of what Giddens calls abstract systems, which have two components symbolic tokens and expert systems.
Symbolic tokens are "media of interchange which can be 'passed around' without regard to the specific characteristics of individuals or groups that handle them at any particular juncture" [18: 22] . The canonical example of symbolic tokens is money; indeed, unfortunately, it is the only example provided in Giddens [18] , leaving the notion vague and difficult to use -in the next section (Section 3), we offer a detailed critique and re-construction of symbolic token using the modern conception of measurement. Expert systems are systems of (a) professional expertise; or (b) technical accomplishment "that organise large areas of the material and 6 18-04-2016 social environments in which we live today" [18: 27] . These are exemplified by banking and legal systems, 4 and it is not difficult to develop many more examples. Online we are not dealing directly with people at access points. We are dealing with proxies that are simplified substitutions. These proxies are a source of symbolic tokens. We view symbolic tokens as serving the needs of expert systems -so a symbolic token exists in the context of one or more systems of expertise. Without these expert systems, symbolic tokens have no meaning. To develop an understanding of abstract systems for public and professional life, we need a far better understanding of symbolic tokens. We need to understand where they are to be found; what they can do; and what they are. The opaqueness of Giddens' concept is long standing. We will present our critique of the notion in the next section (Section 3). This is needed to clarify the original theory and in particular, to related it depending upon the way it is used by different user groups. Of course, it is the user groups that are key to understanding phatic technologies.
By contrast, in a strong phatic technology, sociality is both primary and explicit. Its phatic use is deeply embedded in the process of design by the producers and is modified by its users.
The Web is the primary source of strong phatic technologies, such as advanced 3D
cybercommunities (e.g., Second Life and Minecraft) and social networking sites (e.g.,
Facebook and Twitter). The formulation of the concept of phatic technology was born out of in-depth studies of advanced cybercommunities, such as Second Life [24] . The producer, Linden Lab, only creates the landscape and some core elements; everything else is constructed by the users [32] . In this case, the users themselves become the producers.
Second Life, for example, has become a holistic online community with its own culture (and subcultures) and even its own economy. Other strong phatic technologies, such as Facebook and Twitter, have also generated their own cultures among their user groups. Their massive popularity is attracting academic attention, not least for their negative effects (e.g., [33] ) and non-use (e.g., [31] ). 
Measurement as Symbolic Tokens: A Critique
Examples of systems of professional expertise and technical achievement abound and so there is a need to better understand the symbolic tokens that serve them. Today, our society is increasingly digitalised -our professional and personal activities are increasingly faceless.
These faceless activities are enabled by a range of algorithms and software devices that exchange data. Thus, twenty-six years after Giddens' work [18] , in our digital society, the disembedding and re-embedding of everyday life could simply be understood as the creation, storage and exchange of everyday data.
What is everyday data? Today, the scope of the term data is very broad and is still expanding.
Traditionally, data originates as one of many forms of measurement: data comes from comparing, benchmarking or calibrating against standards, norms or averages taken from the world [34] . However, we will argue that the notion of a measurement is broader, more abstract and general. Indeed, in this interpretation, a measurement system can constitute a canonical type of symbolic token that serves expert systems, providing information that is the basis for action by members of a group. Later, when we focus our discussions on data and 9 18-04-2016 digital environments, we will further argue that an understanding of measurement science is useful in understanding the nature of data and digital society.
We begin our critique by discussing Giddens' only example of a symbolic token -money.
For centuries 7 we use a currency that is a product of a system of technical accomplishmentthat includes minting and assaying -and is managed by systems of financial expertiseincluding banking. Money is a measure of value and even in the simple case of a material object, the nature of value varies and is a social invention. An object may have a value based upon its material composition, as with early coinage; and more abstract monetary units may be created based upon material value, as with paper money based upon a gold standard.
Normally, the value of an object is calculated by attributing the costs of material, process, infrastructure, and the people and services involved in creating and distributing it, as with manufactured products. However, and most abstractly, the value of an object can also be determined by the social life of a changing market, as with property. Taking a web example, the virtual currency bitcoin produces a good example of this [35] . Attempts at virtual money are not new. For example, in the UK, the Mondex Card was conceived in 1990 by the National Westminster Bank as 'electronic cash'. It allows the immediate transfer of value from one party to another immediately via electronic media [36] . Usually, money is a physical token, but it is also a measurement with a scale -a measurement of value. Value is a form of information. The measure of money is, of course, very complex because it is old, abstract and social. Practically, money is realised as currencies that are local to societies.
Moreover, currencies exist in networks of other currencies where their relative values change constantly. The relative value of a currency reflects an evaluation of a society in some way.
Indeed, the policies governing the currency, and the behaviour of the networks and markets, change with the perceptions of a society.
Abstract systems use many more symbolic tokens than money. Money is a system of tokens founded upon complex systems of measurement, exemplifying our proposition that:
Systems of measurement provide forms of information for expert systems. Systems of measurement, in general, qualify as systems of symbolic tokens in the Giddensian sense of the
term. 10 
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What is measurement? The question lies at the heart of the natural and social sciences and has led to measurement science. Measurement science is about all aspects of measurement, quantitative and qualitative. Originally, it was motivated by the fundamental and ubiquitous development of instrumentation for the physical world. 8 In the physical sciences, quantitative measurements of great sophistication are commonplace. There measurement is based upon standards whose units are formulated mathematically and are rigorously maintained. 9 Physical units can also be more qualitative, based on banding on scales (e.g., wind speed, earth tremors): a convenient survey of measurement is Robinson [37] . In wrestling with the notion of measurement in the social sciences, measurement science found deep similarities and new general perspectives [38] . The search for norms in behaviourusing surveys and statistical methods -creates various new forms of units that provide a calibration of individuals in a society, and help us to understand and interpret their behaviours. At the individual level, these quantitative units can be used to derive qualitative social norms.
The rise of technologies for sensing and measuring has added industrial, commercial and legal and social motivations for measurement that brings together much of the knowledge and experience of the modern world. Thus, measurement science embraces subjects from the timeless and ubiquitous technical and regulatory problems of weights and measures 10 to the latest technical developments shaping sociological issues, such as the connected sociotechnical world of the Internet of Things (e.g., [1, 2] ).
In making our argument we engage with the philosophical foundations of measurement, which is a technical subject, created by problems in the philosophies of physical science and behavioural science. 11 Recent debates on measurement continue to seek general notions and theories that embrace new developments in natural and social sciences (e.g., [39, 40, 41, 42] (i) Nature: Measurement provides a description of some attribute of an object or process. The descriptions are designed for a group to use so they must be understandable and stable.
Measurements must be repeatable and verifiable. The measurement process must be transparent and based on an empirical process of observation of the world that can be shared by the group.
(ii) Use: The purpose of measurement is to provide information. The value of this information is determined by its relevance and the ways the group interprets and uses it.
Measurement of an attribute provides descriptions that allow us to compare a range of occurrences of the attribute. Measurements are descriptions that are concise and precise; and numbers and units are perfect in this regard. The measurements of the sciences are native to systems of professional scientific, engineering and medical expertise.
(iii) Symbolisms: Measurement exists in the context of a well-defined symbolism. A measure of a property enables us to express facts and conventions in a formal symbolic language, which is necessary for any system of symbolic tokens. Measurement describes attributes by symbols, which can be represented and processed by machines.
These characteristics map the current understanding of measurement. In this broad conception, measurement can be seen to be pervasive in contemporary society. Pervasive measurement plays an essential role in our digitalized social order: it enables the 'chronic reflection' on the functioning of society [18] , and services the daily activities that make up public and professional life -and indeed, the personal and emotional life -of individuals.
Thus, an understanding of measurement is foundational to understandings of the nature of our 12 18-04-2016 digital society. Later, in Section 5, our discussions of data and digital environments will show that measurement theory fits quite comfortably inside the more general setting of the theory of data. Now, we address phatic systems, which process relationships that are personal and emotional.
Phatic Systems: Abstract Systems for Personal and Emotional Life
Phatic technologies have changed social behaviour. They have created social phenomena that we have interpreted as examples of disembedding and re-embedding of the personal and emotional, and having the characteristics such as trust in faceless abstractions [23] . Giddens' theory was not formulated to cover such phenomena. A human community is formed 'on the basis of symbolic language and on the level it is maintained' [43: 97] . A key concern of sociology is the manner through which individuals assemble meaning, including how they define and present themselves, their feelings, emotions, behaviours, situations and perspectives on the wider social order. Although norms are constantly changing through interaction, in any instance a certain degree of normalcy is achieved by a set of stabilised norms. The maintenance of these norms -in terms of appearances, gestures and behaviours and through the mediation of identifiable symbols (e.g., [50] ) -provides a sense of security for individuals. Indeed:
"Man cannot have a relationship with another save by the intermediary of symbolization. Without intermediary symbols, he would invariably be destroyed by raw physical contact alone. The 'other' is always the enemy, the menace. The 'other' represents an invasion of the personal world, unless, or until, the relationship is normalised through symbolization" [45: 210] . 13 
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Individuals' trust in abstract systems is dependent upon access points. Since phatic systems process the private and emotional, individuals' trust in these systems is likely to be more comparable with face-to-face trust relations than their trust in expert systems that deal with the public and professional spheres. These access points depend on identifiable social norms and other human cues for trust, such as appearances, gestures and behaviours. We term these An understanding of phatic systems could also be achieved by a discussion of cybercommunities. Early research on cybercommunities questioned whether these social gatherings qualified as communities (e.g., [46, 47] ), largely due to a total lack of physicality, i.e., a lack of face-to-face communication. Subsequent research, however, has shown that, like communities in the real world, cybercommunities are networks of informational and emotional exchange, and channels for establishing, building and maintaining social capital (e.g., [48, 49, 50, 51] ). This change largely owes to technological improvement in the The phatic technologies of the web are made from software. Tokens and indicators that symbolise information of any kind are represented in software, which is made from concrete alpha-numeric symbols that, in turn, are represented in strings of 0s and 1s. 13 In both the professional and the personal, these representations and re-representations lead to deeper questions about syntax and semantics encountered in linguistics, logic and computing [52, 53] . Interestingly, the fundamental role of language for technology in general was noticed in
Ellul [45] .
Data and Digital Society's Direction of Travel
We live in a digital society, one that is held together by software. Its key feature is the digital representation and communication of the ingredients of life as digital data. In the previous sections, the sociological meaning of the ubiquitous use of digital data in professional and personal life were addressed by the concepts of abstract and phatic system. But what exactly is digital data? What is its role in the development of a contemporary social theory? To address such questions, and better understand abstract and phatic systems, we introduce ideas from theoretical computer science.
Contemplating the diversity, scale and depth of digital services embedded in our daily lives, clearly, software plays a primary role in faceless interaction -some might say drives the rise of faceless interaction. 14 Expert systems and phatic systems depend upon software. Consider programming languages to make software that meets users' specifications; and tools to translate the software into binary codes that machines can execute. In particular, computer scientists have created unified theories of data based upon the idea of abstract data type -a notion that encapsulates just those properties of data that are essential to the description of a user's computing problem. The idea is summarised by:
abstract data type = data + operations on data + tests on data
The operations transform old data into new data, and the tests answer questions about data. The scope of the theory extends to all data. The data must be represented symbolically and must allow algorithms on the symbols to compute both the operations and tests to be of any use, i.e., they must be computable. Ultimately, the data is made of binary symbols 0 and 1, and it is this property that defines the notion of digital object -text, sound and visual images.
The hierarchy applies to all software. The programs are formal texts written in a programming language obeying precise rules about what symbols are allowed and how the symbols may be combined. 17 This is true of programs at all levels of the software hierarchy.
Whilst at all levels of abstraction, the software is symbolic; the primacy of 0 and 1 is far more than an accident of technology. Measurement produces data and systems of measurements form data types. Indeed, most strikingly, the mathematical theory of measurements (e.g., [54] ), uses the same algebraic 17 18-04-2016 methods as the mathematical theory of data types. 19 Thus measurement theory as it currently stands fits inside the more general setting of abstract data type theory quite comfortably.
Practical connections between measurement science and computer science have been discussed in Finkelstein and Finkelstein [55] .
Thus, abstract data types are able to unify abstract and phatic systems by modelling scientific measurements, financial transactions, flirtatious banter, phatic noise, … , expressed in texts, images, audios, videos -the fabric of our digital society.
Conclusions
In this paper, we have proposed that time-space distanciation, disembedding and reembedding can explain the profound social phenomena arising from the hegemony of software technologies. The notion of abstract system was designed to explain how disembedding and re-embedding operates. The vagueness of notion of symbolic token meant that the concept had limited use. However, the social change that is most significant is in the domain of the personal and emotional, made possible by software technologies that are phatic.
We have developed the notion of phatic systems to extend the mechanism of abstract system to cover time-space distanciation in personal and emotional life. Indeed, in contemporary society, software technologies have made sociological abstractions more prominent and easier to understand, especially the growth of faceless commitments in disembedding, and the importance of trust in re-embedding. encapsulate the properties of data that are relevant to a user's computing problem, it is an essential notion in our digital society; wherein one key social phenomenon is the rise of software to process the data that can be generated in our daily lives. 18 
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Reflecting on technological change, we see further uses of these systems in new developments in social theory, such as the emerging large-scale research agendas of web science [56, 57] and digital sociology [11, 12] . We expect that enriching social theory with insights from technology studies, measurement science, and the theory of data and software would lead to theories that provide a deeper understanding of our digital society. Endnotes: 1 The vagueness of the notion of technology and its influence in social theory might be due to the nature of technologies of the day -most of which were associated with industrial and, to a lesser degree, commercial processes -encouraging a rather narrow understanding of technology, distant from core questions of social theory. The involvement of the details of particular technologies is somewhat rare in theory making.
2 A fuller account of the origins, nature, development and examples of phatic technology can be found in Wang et al. [22, 23] .
3 Not all web-based technologies have engaged harmoniously. Phatic technologies bring with them problems of surveillance and privacy (privacy social media) and emotional dislocation (e.g., [31, 33] ). 4 In using Giddens' term expert systems, we wish to avoid any confusion with the software tools known as expert systems that became prominent in the 1980s. 5 Another expert system that surrounds us in our daily lives is the transportation system: when an individual takes the bus, he/she enters a large network of expert systems, such as the construction of the bus and the roads, and the traffic control systems… [58] . 6 Perhaps, for phatic technologies that penetrate social life, financial factors are sociologically significant. For example, as Doug Laney [59] observed in 2012, Facebook's nearly one billion users had become the largest unpaid workforce in history. 7 One thinks of the well-documented history of the Tudor coinage with its struggles with manufacture, debasement, corruption, and the emergence in the British Isles of advanced continental methods of financing trade and banking [60] . For the general history of money, see Davies [61] .
